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SURSHUWLHVRIKDUGHQHGFRQFUHWH8VHRIPLQHUDODGPL[WXUHVLQ6&&HQDEOHVUHGXFWLRQLQDPRXQWRIVXSHUSODVWLFL]HU
QHFHVVDU\WRUHDFKWKHGHVLUHGFRQVLVWHQF\>@>@
&RPPRQO\XVHGPLQHUDODGPL[WXUHVDUHXVXDOO\E\SURGXFWVRI LQGXVWULDOSURGXFWLRQRUZDVWHPDWHULDOV VXFKDV
VLOLFD IXPH EODVW IXUQDFH VODJ OLPHVWRQH SRZGHU HWF %DVDOW SRZGHU LV D E\SURGXFW RI VWRQH FUXVKLQJ LQ EDVDOW
TXDUULHV+LJKDPRXQWVRIJDWKHUHGSRZGHUVDUHDELJSUREOHPIURPWKHSRLQWRIYLHZRIWKHGLVSRVDOHQYLURQPHQWDO
SROOXWLRQ DQG KHDOWK ULVNV 7KH XVH RI PLQHUDO GXVWV DV DGPL[WXUHV LQ FRQFUHWH FDQ FRQWULEXWH WR VROYLQJ WKHVH
SUREOHPV
7KLV SDSHU SUHVHQWV WKH UHVXOWV RI D VWXG\ RQ HIIHFW RI EDVDOW SRZGHU RQ WKH SURSHUWLHV RI IUHVK DQG KDUGHQHG
FHPHQWPRUWDUV

([SHULPHQWDOVHFWLRQ

0DWHULDOV

7KHHIIHFWRIEDVDOWSRZGHULQFRPELQDWLRQZLWKWKHVXSHUSODVWLFL]HURQSURSHUWLHVRIFHPHQWPRUWDUVZDVVWXGLHG
RQFHPHQWPRUWDUVSUHSDUHG IURP3RUWODQGFHPHQW&(0,5&RPSRVLWLRQDQGEDVLFSURSHUWLHVRI WKHFHPHQW
DUHVKRZQLQ7DEOH
1DWXUDOULYHUDJJUHJDWHVORFDWLRQ2NRþIURPVHGLPHQWVRIULYHU6PDOO'DQXEHZDVXVHGIRUWKHSURGXFWLRQRI
FHPHQW PRUWDU ,W ZDV FRPSRVHG RI WKUHH IUDFWLRQV   DQG  0L[LQJ UDWLR ZDV DV IROORZV    
  *UDGLQJRIWKHDJJUHJDWHIUDFWLRQVDQGRSWLPDOVLHYLQJFXUYHDUHLOOXVWUDWHGLQ)LJXUH
6XSHUSODVWLFL]HU63EDVHGRQSRO\FDUER[\ODWH%HUDPHQW+7ZDVXVHGIRUWKHSURGXFWLRQRIFHPHQWPRUWDU
%DVLFSURSHUWLHVRIWKHDGPL[WXUHDUHVKRZQLQ7DEOH
$VDQDGGLWLYHLQFHPHQWPRUWDUZDVXVHGEDVDOWSRZGHU%3,WVFKHPLFDOFRPSRVLWLRQDQGILQHQHVVDUHVKRZQLQ
7DEOH
'ULQNLQJZDWHUIURPDSXEOLFZDWHUVXSSO\V\VWHPZDVXVHGIRUWKHSURGXFWLRQRIFHPHQWPRUWDU

7DEOH&RPSRVLWLRQDQGSK\VLFDOSURSHUWLHVRIFHPHQW
&KHPLFDOFRPSRVLWLRQ 0LQHUDORJLFDOFRPSRVLWLRQ 3K\VLFDOSURSHUWLHV
&D2  $OLWH  6WDQGDUGFRQVLVWHQF\ 
6L2  %HOLWH  ,QLWLDOVHWWLQJ PLQ
$O2  &$WRWDO  )LQDOVHWWLQJ PLQ
)H2  &$FXELF  6RXQGQHVV PP
0J2  &$RUWKR  &RPSUHVVLYHVWUHQJWKDIWHUGD\V 03D
1D2  )HUULWH  &RPSUHVVLYHVWUHQJWKDIWHUGD\V 03D
.2  $QK\GULWH   
62  62  UHVLGXHRQVLHYHPP 
0Q2  0J2  )LQHQHVVUHVLGXHRQVLHYHPP 
7L2  3RUWODQGLWH  UHVLGXHRQVLHYHPP 
32  +HPLK\GUDWH   
&O  3HULFODVH   

7DEOH3K\VLFDOSURSHUWLHVRIVXSHUSODVWLFL]HU%HUDPHQW+7
$SSHDUDQFH +RPRJHQHRXVOLJKWEURZQVROXWLRQ
'HQVLW\ JPO
'U\PDWWHUFRQWHQW 
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)LJ*UDGLQJFXUYHVRIDJJUHJDWHXVHG
7DEOH&KHPLFDOFRPSRVLWLRQDQGILQHQHVVRIEDVDOWSRZGHU
&KHPLFDOFRPSRVLWLRQ  
6L2  &O 
$O2  1D2 
&D2  0J2 
)H2  .2 
0Q2  7L2 
32  &2 
62   
5HVLGXHVRQVLHYH
PP   
PP   
PP   

([SHULPHQWDOPHWKRGV
7KHFRPSRVLWLRQRIWKHUHIHUHQFHPRUWDUZLWKRXWFKHPLFDODQGPLQHUDORJLFDODGPL[WXUHVLVEDVHGRQDPRGLILHG
VWDQGDUGPRUWDUDFFRUGLQJWR(1>@,WFRQWDLQHGJRIFHPHQWJRIDJJUHJDWHDQGJRIZDWHU
7KHDPRXQWRIZDWHUZDV UHGXFHGRQYDOXHJ :& 7KLV UHIHUHQFHPRUWDUZDV IXUWKHUPRGLILHGE\
DGGLWLRQRIVXSHUSODVWLFL]HUDQGEDVDOWSRZGHU%37KHGRVHVRIVXSHUSODVWLFL]HUZHUHDQG
E\ZHLJKWRIFHPHQW%3ZDVGRVHGLQDPRXQWDQGDVDSDUWLDOUHSODFHPHQWRIFHPHQW
$PRXQWRIPL[LQJZDWHUZDVUHGXFHGZLWKWKHZDWHUFRQWDLQHGLQSODVWLFL]HUVLQDOOPL[WXUHVWRNHHSWRWKHZDWHU
FHPHQWUDWLRDW
&HPHQWPRUWDUVZHUHPL[HGLQDVWDQGDUGODERUDWRU\PL[HUDFFRUGLQJWR(1>@,PPHGLDWHO\DIWHUPL[LQJ
WKH FRQVLVWHQF\ RI IUHVK PRUWDU ZDV GHWHUPLQHG E\ XVLQJ WKH +DHJHUPDQQ IORZ WDEOH ZLWKRXW XVH RI OLIWLQJ DQG
GURSSLQJRIIORZWDEOHSODWH
&\OLQGULFDO VDPSOHVZLWKGLDPHWHU DQGKHLJKW RI PPZHUHSUHSDUHG IURP WKH FHPHQWPRUWDU IRU WHVWLQJ WKH
FRPSUHVVLYHVWUHQJWK)RUVKULQNDJH WHVWLQJ WKHSULVPVZLWK VL]HRI[[PPZHUHSUHSDUHG7HVWSULVPV
ZHUHILWWHGZLWKJODVVFRQWDFWVDWWKHLUHQGV
&HPHQWPRUWDUVLQPRXOGVZHUHFRPSDFWHGDGHTXDWHO\WRWKHLUFRQVLVWHQF\7HVWVDPSOHVZHUHFXUHGIRUK
LQDKXPLGHQYLURQPHQWDQGIXUWKHULQZDWHU
&RPSUHVVLYHVWUHQJWKWHVWVZHUHGHWHUPLQHGXVLQJFRPSUHVVLRQWHVWLQJPDFKLQH
6KULQNDJH RI PRUWDUV ZDV GHWHUPLQHG E\ VKULQNDJH PHDVXULQJ GHYLFH E\ PHDVXULQJ WKH GLIIHUHQFHV LQ OHQJWK
EHWZHHQPRUWDUVVDPSOHVDQGPHWDOHWDORQ

5HVXOWVDQGGLVFXVVLRQ
5HVXOWVRIWHVWVWKDWZHUHIRFXVHGRQWKHUKHRORJLFDOSURSHUWLHVRIIUHVKFHPHQWPRUWDUVDUHVKRZQLQ)LJ
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7KH LQLWLDOFRQVLVWHQF\RI IUHVKPRUWDU )LJ DZDVSRVLWLYHO\DIIHFWHGE\ WKHDGGLWLRQRI63DQG%3:LWK
LQFUHDVLQJGRVHRIVXSHUSODVWLFL]HUWKHFRQVLVWHQF\RIPRUWDUVZLWKRXWEDVDOWSRZGHUJUDGXDOO\LPSURYHGXSWRGRVH
$WWKHGRVHWKHUHZDVREVHUYHGPLOGVHJUHJDWLRQRIPRUWDUDQGVHSDUDWLRQRIPL[LQJZDWHUDQGDOVRD
UHGXFHGIORZGLDPHWHURIPRUWDU0RUWDUPRGLILHGE\VXSHUSODVWLFL]HULQDGRVHRIKDVEHJXQWRVKRZVLJQVRI
WKL[RWURS\DQGVHOIFRPSDFWDELOLW\7KHVHWHQGHQFLHVLQFUHDVHGZLWKLQFUHDVLQJGRVHRI63
3DUWLDO UHSODFHPHQWRI FHPHQWE\%3 LQ WKH FHPHQWPRUWDUZLWKRXW63KDVQRW LPSURYHG WKH FRQVLVWHQF\ IORZ
GLDPHWHUEXWDWWKHVPDOOUHSODFHPHQWWKHPRUWDUKDGEHWWHUZRUNDELOLW\SUHSDUDWLRQRIVDPSOHVZDVHDVLHU
,QFUHDVHLQ%3FRQWHQWDQGOHGWRDVOLJKWGHWHULRUDWLRQRIZRUNDELOLW\
7KHUHSODFHPHQWRIFHPHQWE\%3LQSODVWLFL]HGPRUWDUVOHGWRDVLJQLILFDQWLPSURYHPHQWLQZRUNDELOLW\RIIUHVK
PRUWDUV7KHIORZGLDPHWHULQFUHDVHGZLWKLQFUHDVLQJRISURSRUWLRQRI%3WRGRVHRIVXSHSODVWLFL]HU$W
KLJKHUDPRXQWRISODVWLFL]HUWKHIORZGLDPHWHUVOLJKWO\GHFUHDVHGZLWKLQFUHDVLQJRI%3SRUWLRQEXWLWZDVVWLOOKLJKHU
WKDQLQWKHFDVHRIFHPHQWPRUWDUVZLWKRXW%3DWWKHVDPHGRVHRIVXSHUSODVWLFL]HU'HFUHDVHLQIORZGLDPHWHUFDQ
EH H[SODLQHG E\ VHJUHJDWLRQ DQG EOHHGLQJ RI PRUWDUV ZKLFK RFFXUUHG DW KLJKHU GRVH RI VXSHUSODVWLFL]HU DQG %3
'XULQJWKHWHVWRIFRQVLVWHQF\WKHPRUWDUVZLWKKLJKHUWHQGHQF\WRVHJUHJDWLRQIRUPHGDWKLFNHUOD\HULQWKHFHQWHU
RI WKH FLUFOH GXH WR VHOIFRPSDFWLRQ ZKLOH UHOHDVHGZDWHU DQG ILQH SDUWLFOHV ZHUH GHSOR\HG DURXQG WKH SHULPHWHU
7KHUHIRUHWKHIORZGLDPHWHURIWKHVHPRUWDUVZDVVPDOOHUWKDQWKDWRIPRUHKRPRJHQRXVPRUWDUVGHVSLWHWKHIDFWWKDW
WKHVHPRUWDUVZHUHPRUHIOXLG
%DVHGRQUHVXOWVZHFDQFRQFOXGHWKDWWKHEDVDOWSRZGHUKDGDGGLWLRQDOSODVWLFL]LQJSURSHUWLHVJUHDWO\LPSURYHG
WKHFRQVLVWHQF\RIWKHPRUWDULWVFRKHVLRQDQGVHOIFRPSDFWLRQDWRSWLPXPGRVH

)LJD,QLWLDOIORZGLDPHWHURIWHVWHGFHPHQWPRUWDUVKDWFKHGEDUVUHSUHVHQWPRUWDUVZKHUHVHJUHJDWLRQKDVRFFXUUHGE:RUNDELOLW\ORVVRI
FHPHQWPRUWDUVGRVHRI63
)LJ  E GRFXPHQWV WKH FKDQJH LQ ZRUNDELOLW\ RI SODVWLFL]HG PRUWDU ZLWK %3 WHVWHG ZLWKRXW GURSSLQJ
&RQVLVWHQF\ RI FHPHQWPRUWDUV FRQWLQXDOO\ GHFUHDVHGZLWK WLPH 6HJUHJDWLRQ RIPRUWDU UHVXOWHG LQ DZRUVHQLQJ RI
FRQVLVWHQF\DWKLJKHUGRVHVRI%3DQGDOVRFDXVHGDPRUHUDSLGORVVRIZRUNDELOLW\
2QHGD\DQGGD\VWUHQJWKRIPRUWDUVDUHJLYHQLQ)LJ7KHUHSODFHPHQWRIFHPHQWE\EDVDOWSRZGHUOHGWR
GHFUHDVLQJ RI FRPSUHVVLYH VWUHQJWK RI PRUWDUV 7KH ORVV RI VWUHQJWK LQFUHDVHG ZLWK FRQWHQW RI %3 LQ PRUWDUV
$VLJQLILFDQWGHFUHDVHZDV VKRZQ LQRQHGD\VWUHQJWKZKLOH WKHGHFUHDVHRIGD\V VWUHQJWKZDV UHODWLYHO\ VOLJKW
7KHORVVRIFRPSUHVVLYHVWUHQJWKLVLQFRQIRUPLW\ZLWKH[SHFWDWLRQEHFDXVHWKHLQFUHDVLQJSURSRUWLRQRI%3LQPRUWDUV
PHDQVORZHUFRQWHQWRIFHPHQW
6PDOOHUGLIIHUHQFHVLQVWUHQJWKDIWHUGD\VRIKDUGHQLQJDVLVVKRZQLQ)LJPHDQWKDWPLQHUDODGPL[WXUHXVHG
FRQWULEXWHV WR WKH GHYHORSPHQW RI VWUHQJWK $VLPLODU WUHQG KDV DOVR EHHQ SXEOLVKHG E\8\VDO <LOPD] DQG 6XPHU
>@
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
7KHHIIHFWRIYDULRXVGRVDJHRIVXSHUSODVWLFL]HURQWKHPRUWDUVWUHQJWKZDVQRWYHU\VWURQJ&RPSUHVVLYHVWUHQJWK
RIPRUWDUVZLWKRXW%3VOLJKWO\LQFUHDVHGZLWKLQFUHDVLQJGRVHRI63XSWRDGRVHRIDQGWKHQEHJDQWRGHFUHDVH
:LWK WKH LQFUHDVHG SURSRUWLRQ RI %3 DQG GRVH RI 63 WKH VWUHQJWK RI PRUWDUV GHFUHDVHG 7KLV WHQGHQF\ ZDV
VWURQJHUDWGD\FRPSUHVVLYHVWUHQJWK7KHVHUHVXOWVZHUHREWDLQHGDWFRQVWDQWZDWHUWRFHPHQWUDWLR
'HFUHDVH LQ VWUHQJWK RI PRUWDUV ZLWK KLJK GRVHV RI FKHPLFDO DQG PLQHUDORJLFDO DGPL[WXUHV ZDV VLJQLILFDQWO\
DIIHFWHGE\WKHVHJUHJDWLRQRIWKHPRUWDUVWKDWOHGWRWKHLUQRQKRPRJHQRXVVWUXFWXUHDQGFRQVHTXHQWO\WRDUHGXFWLRQ
LQVWUHQJWK

)LJXUHD±GD\FRPSUHVVLYHVWUHQJWKE±GD\VFRPSUHVVLYHVWUHQJWK
7KHUHVXOWVRIWKHVKULQNDJHRIFHPHQWPRUWDUVDUHJLYHQLQ)LJ)LJDVKRZVWKHUHVXOWVRIVKULQNDJHWHVWV
SHUIRUPHGRQSODVWLFL]HGPRUWDUV7KHJUHDWHVWVKULQNDJHDIWHUGD\VZDVIRXQGRQPRUWDUZLWKRXWVXSHUSODVWLFL]HU
7KHVKULQNDJHGHFUHDVHGZLWKLQFUHDVLQJGRVHRIVXSHUSODVWLFL]HUXVHG
5HSODFHPHQWRISDUWRIFHPHQWE\EDVDOWSRZGHUOHGWRDQLQFUHDVHLQVKULQNDJH)LJE7KHVKULQNDJHRI
WKHPRUWDUVVOLJKWO\LQFUHDVHGZLWKWKHEDVDOWSRZGHUFRQWHQWZLWKWKHH[FHSWLRQRIWKHPRUWDUZLWK%3FRQWHQW
6KULQNDJHRI WKLVPRUWDUZDV VPDOOHU WKDQ WKHRWKHUVZLWK ORZHUSURSRUWLRQRI%3 7KLVFDQEHH[SODLQHGE\ WKH
VWURQJVHJUHJDWLRQRIWKHPRUWDUUHVXOWLQJSUREDEO\LQDVPDOOHUSURSRUWLRQRIKDUGHQHGFHPHQWSDVWHLQWKHPRUWDU
6KULQNDJHRIPRUWDUVZHOOFRUUHODWHGZLWKPDVVORVVRIFHPHQWPRUWDUV


)LJXUHD6KULQNDJHRIFHPHQWPRUWDUVZLWKRXWEDVDOWSRZGHUE6KULQNDJHRIFHPHQWPRUWDUVDWWKHGRVHRIVXSHUSODVWLFL]HU
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
&RQFOXVLRQV
7KH REWDLQHG UHVXOWV FRQILUPHG KLJK HIIHFWLYHQHVV RI XVHG SRO\FDUER[\ODWH VXSHUSODVWLFL]HU 8VH RI WKLV
VXSHUSODVWLFL]HU DW GRVH HTXDO RU KLJKHU WKDQ   E\ ZHLJKW RI FHPHQW UHVXOWHG LQ REWDLQLQJ PRUWDUV ZLWK VHOI
FRPSDFWLQJSURSHUWLHV
5HSODFHPHQW RI SDUW RI FHPHQW E\ EDVDOW SRZGHU LQ SODVWLFL]HGPRUWDUV UHVXOWHG LQ VLJQLILFDQW LPSURYHPHQW RI
WKHLUFRQVLVWHQF\
$WKLJKHUGRVHVRIWKHVXSHUSODVWLFL]HUDQGWKHPLQHUDODGGLWLYHVWKHVHJUHJDWLRQRIFHPHQWPRUWDUVRFFXUUHG
7KHUHVXOWVGHPRQVWUDWHWKHSRVLWLYHHIIHFWRIWKHVXSHUSODVWLFL]HUXVHGDQGDOVREDVDOWSRZGHURQWKHVWUHQJWKRI
KDUGHQHGPRUWDUV
5HSODFHPHQWRIFHPHQWE\EDVDOWSRZGHUOHGWRDVOLJKWLQFUHDVHLQVKULQNDJHRIFHPHQWPRUWDUVDQGDOVRDVOLJKW
LQFUHDVHLQPDVVORVVGXULQJFXULQJLQODERUDWRU\HQYLURQPHQW
%DVHGRQ WKH UHVXOWV SUHVHQWHGZH FDQ DVVXPH WKDW WKHEDVDOW SRZGHU FDQEHXVHG LQSURGXFWLRQRI FRQFUHWH WR
LPSURYHLWVSURSHUWLHV8VHRIWKLVPDWHULDODOVRFDQUHGXFHWKHHQYLURQPHQWDOLPSDFWVFRQQHFWHGZLWKWKHH[WUDFWLRQ
RIEDVDOW

5HIHUHQFHV
>@08\VDO.<LOPD](IIHFWRIPLQHUDODGPL[WXUHVRQSURSHUWLHVRIVHOIFRPSDFWLQJFRQFUHWH&HPHQWDQG&RQFUHWH&RPSRVLWHV

>@08\VDO06XPHU3HUIRUPDQFHRIVHOIFRPSDFWLQJFRQFUHWHFRQWDLQLQJGLIIHUHQWPLQHUDODGPL[WXUHV&RQVWUXFWLRQDQG%XLOGLQJ0DWHULDOV

>@671(1±0HWKRGVRIWHVWLQJFHPHQW3DUW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
>@671(1±7HVWLQJIUHVKFRQFUHWH3DUW)ORZWDEOHWHVW
>@ ø%HNLU7RSऊX7%LOLU78\JXQR÷OX(IIHFWRIZDVWHPDUEOHGXVWFRQWHQWDVILOOHURQSURSHUWLHVRIVHOIFRPSDFWLQJFRQFUHWH&RQVWUXFWLRQ
DQG%XLOGLQJ0DWHULDOV
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
